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Ciselné datovani: metoda

Ciselné méFeni Casu:

pravidelné se opakujici proces, doba trvani jednoho cyklu
jednotky: rok a nasobky ka (ky), Ma (My), Ga (Gy),

Time

100 4

s Mineral at time
of crystallization

o Atoms of parent element
e Atoms of daughter element

Proportion of parent atom remaining (percent)

Radiometricke metody

Radioaktivita: sp i rozpad izotopu za
soucasného uvoliiovani (tepelné) energie
(Pierre a Marie Curieovi, 1903)

Vyvuziti v geologii
Vysvétleni ptivodu zemského tepla

Absolutni datovani (uréovani stafi) hornin a
mineralt

Zakladni pojmy:
prvek — jadro — neutrony a protony — obal -
elektrony
atomové ¢islo — pocet protontl
atomova hmotnost — pocet neutronti a protontt
radioaktivni rozpad — nestabilni jadro se méni
na Jadro jiného prvku, zména atomového ¢isla
alfa rozpad -> emise heliového jadra
— beta rozpad -> emise elektronu, neutron ->
proton
— elektronovy zachyt — pfijem elektronu,
proton -> neutron

50 <L- Mineral after
m one half-life
25 N - Mineral after
two half-lives
6.25 after three
3.125 : : . - * half-lives
0 1 2 3 4 5
Time Units
(b)
A. Alpha Emission
Unstable parent Daughter '.‘_3‘.:]...
nucleus nucleus
Atomic number:
2 fawer
Al m
| m— g i
Noutron _ Aipha particlo
Proton ‘ meion
B. Beta Emission Daughter
Unstable pm Mm&t nucleus-
nucleus
Atomic number:
1 more
Atomic mass:
% change
@ Beta (slectron)
Neutron Poen () ™
C. Electron Capture D-EW
Unstable parent Daughter nucleus-
rucleus nucleus
\(‘l Atomic number.
Electron Natbtn 1 fewer
F Atomic mass
Proton — no change



Datovini:

Metody (rozpadové iady)

poloc¢as rozpadu — doba, za kterou se
polovina matetskych prvki zméni na
dcefinné prvky

TABLE 8.1 Isotopes Frequently Used in Radiometric Dating

Uranium-238 Lead-206 4.5 billion years
Uranium-235 Lead-207 713 million years
Thorium-232 Lead-208 14.1 billion years
Rubidium-87 Strontium-87 47.0 billion years
Potassium-40 Argon-40 1.3 billion years

Rozpadové
fady

Proces: spontinni radioaktivni
rozpad izotopt
Doba cyklu: polo¢as rozpadu

Atomic number

U238 -> Pb206
U235 -> Pb207
Rb87 -> Sr87
K40 -> Ar40

Podminky a moZnosti méieni:

vyvielé horniny (celd hornina, separované mineraly — slidy, zirkon, monazit)
chemicky uzavi‘eny systém — nelze odebrat ani piidat materské ani dcefinné prvky

Lead
Bismuth
Polonium
Astatine
Radon
Francium
Radium

Actinium

Thorium

Protactinium

Uranium
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TABLE 1-3 Some of the More Useful Nuclides for Radioisotopic Dating

Parent Nuclide” Half-Life' Daughter Nuclide Source Materials

Carbon-14 5730 years Nitrogen-14 Organic matter

Uranium-238 4.5 billion years Lead-296 Zircon, uraninite, pitchblende

Uranium-235 704 million years Lead-207

Thorium-232 14 billion years Lead-208

Rubidium-87 48.8 billion years Strontium-87 Potassium mica, potassium feldspar,
biotite, glauconite, whole
metamorphic or igneous rock

Potassium-40 1251 million years Argon-40 (and Muscovite, biotite, hornblende,

(1.251 billion years) calcium-40)* whole volcanic rock, glauconite,

and potassium feldspar'*

“Nuclide is a convenient term for any particular atom (recognized by its particular combination of neutrons and protons).

Half-life data from Steiger, R. H., and Jager, E. 1977. Subcommission on geochronology: Convention on the use of decay constants in
geo- and cosmochronology. Earth and Planetary Science Letters 36:359-362.

#Although potassium-40 decays to argon-40 and calcium-40, only argon is used in the dating method because most minerals contain
considerable calcium-40, even before decay has begun.

Metoda 87R b@
“whole rock* analysis \

Parcialni krystalizace: nartst koncentrace Rb a 87Rb
Sr ve zbytkové taveniné

Yy

Plagioklas uzavira Sr v krystalové mfizce, 87g
avSak ne Rb = v % r

o r v o B clinopyroxene plagioclase
Riizné poméry Rb/Sr v riiznych kry o

jedincich

Concentration
(Rb/Sr ratio)

100 % of liquid 0
remaining

Figure 12.1 Diagrammatic representation of the concentrations of Rb and Sr, and variations

in the Rb/Sr ratio during the crystallization of a granitic magma. Note that for a crystallizing as-

semblage of clinopyroxene and amphibole, both Rb and Sr are incompatible and thus their

concentrations increase with an increasing amount of crystallization. Once plagioclase is

stable on the liquidus, because kpSryy is > 1, the Sr concentration decreases, Rb continues to

increase and thus the Rb/Sr ratio of the system increases. This gives a final suite of rocks with
variable Rb/Sr ratios



Rb-Sr izochrona

= Rovnice:
m 87Sr/86Gr, = 87RP/BOSr, (e - 1) + 87Sr/3r; (R,
= initial ratio)

= y=ax+b
O kde a=sklon pfimky
b = prisecik s osouy
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Age = 1672 Ma
Ro = 0.7062+0.0001
MSWD = 1.4
2.00 4.00 6.00 8.00
*"Rb/**Sr

Figure 12.3 Rb-Sr isochron for a zoned diorite-granodiorite-adamellite intrusion at Bildad

Peak, Graham Land, Antarctic Peninsula. Note the broad spread of "Rb/%Sr and #”St/%”Sr ra-
tios, which gives a statistically precise fit of the data to the isochron equation, and thus a low

O t=1/AxIn(sklon + 1)

MSWD. (Based on data in: Pankhurst (1982)]

y"’/ﬁ siopeths

& &
8\ initial °\/ 3 \
& |"sise . .
= ratio (i“ \ \
\ \
.\ N A
\ \ N
N\ N
time of crystallization
“Rb/*Sr

Figure 12.2  Diagrammatic representation of an isochron diagram showing the evolution of
YS1/57Sr and *”Rb/5Sr from the time of crystallization (solid circles) to a time much later than
that of crystallization (open circles). Note that *’Sr/Sr increases though time whereas
“Rb/Sr decreases. The age of the intrusion (specifically, the time since crystallization) can
be calculated from the slope of the isochron by applying equation (2). The intercept is the
WSr/Sr ratio of the system at the time of crystallization and has petrogenetic significance

Metoda radiouhliku

- Willard F. Libby (1906 — 1980),
Nobelova cena za chemii 1960

* Organicka hmota, polocas
rozpadu 5700 let, pouziti:
holocén, svrchni pleistocén

« N14->Cl14,
» fixace C14 do organické hmoty
« Cl4->N14

‘
O pval I
Nitrogen-14 Neutron capture
atomic number 7 :
atomic mass 14
Carbon-14
atomic number 6
atomic mass 14
Proton emission
A
Neutron Congd]
/ “ ©
)
| — Beta
(electron) emission
B, Carbon-14 Nitrogen-14

@ Proton © Neutron
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Metoda Stépnych stop (fission track)

FIGURE 2.10 Each fission track (about 16 um in length) in this ap-
atite crystal is the result of the radioactive decay of a uranium atom.
The crystal, which has been etched with hydrofluoric acid to make
the fission tracks visible, comes from one of the dikes at Shiprock,
New Mexico, and has a calculated age of 27 million years.

FIGURE 1-20 Igncous rocks that have provided
absolute radiogenic ages can often be used to date
sedimentary layers. (A) The shale is bracketed by two lava
flows. (B) The shale lies above the older flow and is
intruded by a younger igneous body. (Note: m.y. = million
years.)



Section B
No radioisotopic
dates obtained
Section A
Some radioisotopic
dates obtained

Dendrochronologie

* Proces: rist letokruha diteva
* Doba cyklu: 1 rok (sezénni p¥iristek)
* Pouziti: do -5 000 let

Live tree

£
(!

'
)

\h.
Log from ruins

# Figure 8.E Cross dating is a basic principle in dendrochronology. Here it was used to date an archaeological
site by correlating tree-ring patterns for wood from trees of three different ages. First, a tree-ring chronology for
the area is established using cores extracted from living trees. This chronology is extended further back in time
by matching overlapping patterns from older, dead trees. Finally, cores taken from beams inside the ruin are
dated using the chronology established from the other two sites.

FIGURE 1-21 The actual age
of rocks that cannot be dated
isotopically can sometimes be
ascertained by correlation.

11/12/2018



11/12/2018

Metody stratigrafie —
zaloZené na principech relativniho datovani hornin

stratigraphic correlation Geologic study concerned with establishing geochronological relationships
between different areas, based on geologic investigations of many local successions.

comparison of layers of sedimentary and igneous rock of the same age and relating them to subdivisions
on a single stratigraphic scale. The comparison may cover sections taken from different boreholes in
single oil-bearing areas or sections from boreholes in separate deposits (coals, salts), as well as large
areas and even several continents (telecorrelation and intercontinental correlation). Correlation uses all
possible methods of comparison—Ilogging data, tracing of marker beds and their particular layering,
biostratigraphic methods, and isotope determinations of the age of rocks. As a result of correlation a
stratigraphic chart is compiled. In the left part of the chart subdivisions of a single stratigraphic scale are
drawn and, in the right part, a stratigraphic scheme of deposits encountered in the region being studied.

Chronostratigrafie (time-rock units) — korelace horninovych celkii ulozenych béhem uréitého ¢asového
intervalu

Biostratigrafie — korelace horninovych celkt definovanych jejich obsahem fosilii
Litostratigrafie — korelace na zaklad¢ litologie a fyzikalng-chemickych parametrd hornin

Magnetostratigrafie (polarity time units) — korelace horninovych celkii na zakaldé reverzi zemského
magnetického pole

Eventostratigrafie, chemostratigrafie ...

LITOSTRATIGRAFIE




LITOSTRA

Lingula
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TIGRAFIE

i 100km. —

Korelace na zakladé litologickych znakd
sedimentu: mineralni sloZeni, struktura, textura,
mocnosti vrstev, atd.

litostratigrafické jednotky - superskupina >
skupina > souvrstvi > vrstvy (¢len) > vrstva

Marker (key bed)

definice a principy vymezeni jednotek, stratotypy

BIOSTRATIGRAFIE

@& =
-

Korelace na zakladé stejnych fosilii (princip stejnych
zkamenélin)

Indexové fosilie (vid¢&i zkamenéliny), pravidla:
kosmopolitni, dobra identifikovatelnost, rychla evoluce,
hojny vyskyt (Ammonoidea, Radiolaria, Conodonta,
Cocclitophorida, Trilobita, atd.)

Biostratigraficka zéna (biozéna), typy zon:
intervalova zona, zéna spolecenstva, zéna rozsahu

Biostratigrafické zonace
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Correlation of strata using fossils

©
Locality | i@’_ﬂ
1

S RN 3
AT \\\\\ @ w
R i i) Al
e 3‘_\ R = S
A

o 10 km i

|dentical fossils mean strata are same age

University of Geology 101 Environmental Geology Lecture 4 Slide 12
Connecticut Ray Joesten

Biostratigraphic Zones
Biozones - the most fundamental biostratigraphic units.

A zone is a body of rock whose lower and upper boundaries are based
on the ranges of one or more taxa (usually species or phena) (see this

for graphic examples of the major types of biostratigraphic
zones)

10


http://www.cyber.vt.edu/geol3604/strat4.jpg

Index Fossils Guide Fossils (other terms used: Zone Fossil,
Index Fossil)
A good index fossil must be:

1. Independent of environment

2. Fast to evolve

3. Geographically widespread

4. Abundant

5. Readily preserved

6. Easily recognised

Examples: Graptolites, Ammonites, Foraminiferans, Pollen,
Nannoplankton

Grafické znazornéni pfikladd biozén
(upraveno dle Chlupaé & Storch 1997)

A B C A B (o

Ol [i Shannny

a
2 T
B R S I O R U ) S A I
c < c
1 - zéna rozsahu taxonu a intervalova zéna mezi prvnim vyskytem
2 - zéna spoleéného rozsahu taxont b, ¢ taxonu a, b
A B A B c
¢ l I II
,,,,,,,,,,,,,, B VA B 5
c
a
zoéna rozsahu spolecenstva se &tyfmi zoéna hojného vyskytu taxonu a

vadeimi taxony (a, b, ¢, d)

Vysveétlivky:
A, B, C - stratigrafické profily
a, b, ¢, d - vad&i taxony (znaky)
Y - nejvyssi vyskyt taxonu (znaku)
A - nejnizsi vyskyt taxonu (znaku)
# - hoiny vyskyt taxonu

,,,,, hranice biozén

11/12/2018
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Biostratigraficke
Z0Nhace

kondontova
biozéna

|| oTvar
| | sTuPEN

Scaliognathus anchoralis-
Doliognathus latus

Gnathodus typicus

Siphonodella isosticha -
sv. Si. crenulata
spodni
Siphonodella crenulata

KARBON
TOURNAI

Siphonodella sandbergi

Siphonodella duplicata

Siphonodelia sulcata

Siphonodella praesulcata

Palmatolepis expansa

Palmatolepis postera

Palmatolepis trachytera

Palmatolepis marginifera

FAMEN

Palmatolepis rhomboidea

Palmatolepis crepida

DEVON

Palmatolepis triangularis

Palmatolepis linguiformis

MAGNETOSTRATIGRAFIE
Piivod zemského magnetismu

* Puvod zemského magnetismu: vnéjsi jadro Zemég.

* Feromagnetické latky ztraceji své magnetické schopnosti jiz pti teploté okolo 500 st. C
(Curietiv bod) a teplota v zemském jadie piesahuje 4000 st. C, nemiize byt jadro
permanentnim magnetem.

* Vysvétleni : Teorie hydromagnetického dynama (prvni polovina 20. stoleti)

* Seismologickd méfeni: vnéjsi jadro Zemé je kapalné, je tvofeno proudicimi elektricky
vodivymi latkami

« Faradaytiv zakon magnetické indukce: pohyb vodice v elektrickém poli indukuje magnetické
pole a naopak -- v nasem piipadé proudéni vodivych latek ve vné&jsim jadre indukuje
magnetické pole Zemé.

Geographic north

Magnetic fines of force

12
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Zmény orientace magnetického pole

Cela tada hornin je samovolné magnetizovatelna - feromagnetické
mineraly se orientuji souhlasné se silo¢arami zemského
magnetického pole a vytvafeji tak vlastni magneticka pole.

Mgéienim zbytkovych magnetickych poli zmény magnetického pole
Zemg.

Zmény — intenzita, deklinace, pfepolovani

obdobi normalni magnetické polarity (severni magneticky pol u
severniho polu rotace)

Obdobi reverzni magnetické polarity (severni magneticky pol pobliz
jizniho pélu rotace).

Posledni piepolovani : 790 000 let, kdy se zménila polarita
Z reverzni na normalni (dnesni).

Zakladni jednotka: chron, kratsi vykyv: subchron

Magnetic tines of force

Magnetic

polarity
of lava

Magnetic-
reversal
time scale

magnetic
fleld

0.4my. ago / /
(normal) /

12m.y. ago
(noemal)

e
Age
e j_,i‘ i Present
Brunhes
normal
ol H
event
reversed
Oiduval |
normal H2
oh 1:
Lot e 3
event
1
Gilbert
ovosed ||
(millors of
years ago)
Millions of
years ago
0.0
Brunhes
normal
epoch
1.0
Matuyama
reversal 2.0
epoch
Gauss
normal
epoch 3.0
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Magneto-
stratigrafické

epochy

0.99-1.07
1.201-1.211

4.18-4.29
4.48-4.62
4.80-4.89
4.98-5.23

Subchrons Chrons
(Events) (Epochs)  Age (M.Y)
0
BRUNHES
— —— — (.78
Jaramillo
Cobb Mt
MATAYUMA
Olduvai
Réunion
—_———— 2581
Kaena GAUSS
Mammoth
_—————358
Cochiti
Nunivak
Sidufjall GILBERT
Thrvera
———— — —5.894
EPOCH5

Udalostni stratigrafie: tefrochronologie

% Petrographic and chemical studies can identify unique tephra
signatures which can then be used in a tephrochronology

reworked
tephra

reworked
tephra

Tephra fallout

o
e

umice fra
—
-

Tephra fallout

http://iwww.gfz-potsdam.de/pb3/pb33/projects/monticchio_tephrochronology/content_en.html

11/12/2018
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Tefrochronologie

Lake sediments Peat cores Profiles of a Peat Sail
LagoMartilo Lago Chandler ombrogenic minerogenic  Se€diment bar core profile

0my o'm
! = 12 =, !
2720
| 2 1529 / 5
\ — 1944 3/ e
1ml — 2169 =D = \ 1
] 2 2421 Efj‘- 4871 \ :
| T = 7635 3| S
2 m: = /%; - EZ m
! E= 35
T 14435 | Tephrochronology of !
] 25 . . . |
sm!| B8 g T4G ages investigated archives i*™
\ gg S Radiocarbon (B.P.) |
i §§ JA— darkbrown, humusrich g black-brown
4 ™| & with little little clay flamed
1| &2 g Olive-brown, humus- W gray sand
HEs rich with little clay E gray silt
m: : B humusrich layer @ gray CIaY
i 5 gravel with sand
| i1 reworked tephra B dark-brown peat
6my B light-brown peat
| 5 tephra fall out & yellow sand

http://www.grancampo.de/english/tephra/tephra3.htm

Chemostratigrafie

1. 3 Oxygen Isotopes; 10 and 180 most common

2. Fractionation
a. 160 lighter so evaporates preferentially; 180 heavier so condenses preferentially
b. ratio at which these isotopes enter chemical compounds is temperature
dependent
c. most widely used proxy for:

echanges in global ice sheet volume

echanges in global temperatures

3. Measurement
a. measure how much 180/160 ratio deviates from isotope proportions found in
modern oceans

b. 5180 %0 is zero for standard marine ocean water

4. During Glacials:
«160 preferentially evaporated from oceans
«160 deposited on ice sheets & concentrated there
sice sheets relatively depleted in 180 so 5180 is negative
+180 concentrated in seawater; ice age oceans have §'80 values of about +5
emarine shells also enriched in 180 during glacials

. Challenges
. ice core interpretation
. marine core interpretation

Toun
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Globalni 680 kiivka za poslednich 700 tisic let

Ice Volume
Planktonic Foram O-18 as Proxy
More Ice
2 G G G G G G G G

del O-18 %o
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DSDP a ODP

Pelagické
sedimenty, cca
konstantni rychlost
sedimentace,
datovani

180 v schrankach
plaktonnich
foraminifer (CaCO,)

Casové fady

LL o vl 77_ M 0o o :Ic s %o roe
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Fig. 10.13. Empirical correlation of oxygen isotope stage zonation in four DSDP cores from the Pacific Ocean, Car.

ibbean Sea and Atlantic Ocean. (Williams 1988)
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Ekostratigrafie
is the stratigraphy of ecosystems, a powerful tool for high-resolution cyclic and sequential stratigraphy, based
on biostratigraphy. It is founded on the application of ecological knowledge to the reconstruction of past
ecosystems and their succession, in relation to global external forcing agents such as sea level oscillations,
climate changes, etc. The ecostratigraphic techniques used in this study (mainly palynocycles and ecologs)
have provided regional chronostratigraphic correlation frames from 2nd order cycles (3 to 50 million years
duration) to periodic cycles within the Milankovitch band (around 100,000-year period), for Paleocene,
Eocene, Oligocene, and Miocene stratigraphic sequences.

. N
a@&z Salinty index Paleovegetation index ®6°;c}61
08 04 0 04 -0 12

S '
< <> ;pé 465
2 - T B
MFS > 32
— SB < 485
C
<
7
<«

MFS

MIDDLE EOCENE

=2
S
!s
)
=
ol
S
uj

MFS

MFS

>
> 31
D

E.EOCENE
R. felix

T

Saline Fresh Inland Coastal

Datovani 13/Cs

« 137Cs: antropogenni izotop, s
vzniké jako produkt umélych N
radioaktivnich rozpadil (jaderné -
elektrarny, jaderné vybuchy) _

» Gamaspektrometrické méteni

« Cernobyl 1986 °

« Pacific nuclear weapon tests 1960 o
1960-61 .
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176| SECTION 1

Borehole 2

Distinct 137Cs anomaly —
Chernobyl accident in 1986 in
about 150 cm depth

s\
1

Average sedimentation rate:

~7.2 cm per year for the last 21

years .

500

S . Possible artefact

§— — ~ dueto drilling

Inclined datum surface 2
progradation of the system

towards the lake w0

450

5 100 150 200 250 300 30 400 450 500

L

5’ Chernobyl accident, 1986

8

Dredging datum level, 1981

hiopbka  (cm)

350

Mass activity of

37Cs (Bqg.kg-1)

-400

Chronostratigrafie

Integrovana globalni stratigrafie

Chronostratigraphic units (time-rock units) - all strata in the world deposited during a given time interval

(example: Upper Devonian Series)

, Chronostratigrafickeé | Geochronologickeé Oblastné litostratigra-|[Rydzo biostratigraficke)
Priklad: jednotky jednotky ficke jednotk jednotky
tanerozoikum eonotem eon

mezozokum eratem era

jura | utvar perioda
skupina
lus| eddelenie epOCha suvrstvie rozne druhy
—_— e o b fickych
toark StapeEn vék i |os(rm'|gru ickyc
clen zon
Hildoceras T 0000 e (subzona)
bitrons chronozona chron
vrstva ( horizont) ( biohorizont)
Obr. 23a. Prehlad hlavnych igrafickych jed k. Chronc fické a h ické jednotky si vzd-
jomne zodpovedaju a ich obsah je presne y. Oblastné i fické a bios igrafické jednotky si

nezdvislé od inych stupnic a hierarchické usporiadanie je relativne

31
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Chronostratigrafie

Integrace stratigrafickych metod

Litho- Chrono-stratigraphy Bio-
stratigraphy Radiometric Magneto- stratigraphy
dates stratigraphy

Ash — 3 lE:01
Silt & million
Sand years
Sand
Silt &
Sand 3.2:02
Lava —F # million

Silt years

Three essential components of the study of Fossils in context:
L Lithostratigraphy * Chronostratigraphy +Biostratigraphy 5

Rolatve
durations
* 14 W J v /4 of major
€O0l0g1CKa CaSova SKala == = "= o
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(X4 (14 b Mot Cenozoic ‘le:e;;‘
=) [-hbocene |
- Tertiar Degocens
time-rock® units w0 [
0 400 km o Cretaceous
L
0 400 mi Mesozoic
S Jurassic
: Carboniferous
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GSSP : Global Standard Section and Point
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Table 1

Summary of Categories and Unit-Terms in Stratigraphic Classification*

Stratigraphic
Categories

Principal
Stratigraphic
Unit-terms

Lithostratigraphic

Group
Formation

Member
Bed(s), Flow(s)

Biostratigraphic

Biozones:
Range zones
Interval zones

Magnetostratigraphic polarity

Other (informal) strati raphlc
categories (mine 09?0
Isou))pe. envlronmenlal selsmlc

-zone
(with appropriate prefix)

Equivalent

Goochr?)nologlc Units

Chronostratigraphic

Eon
Era
Period
Epoch

Age
Subage (or Age)
ron)

* If additional ranks are needed, pL:ehxos Sub and Supsr may be used wlll')'I unit-terms when

unnecessarily.
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Dlouhodobé trendy ve vyvoji Zemé

Kfivka globalnich zmén morské hladiny
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Phanerozoic Climate Change
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Kalcitova / aragonitova more : pomér Mg/Ca

B’ P P

“Aragonite Threshold”

[PreC] Cam [ Ord [Sil [ Dev [ Carb [Perm [Tr [ Jur | Cret [ Ceno |

[ICEHOUSE | GREENHOUSE | ICEHOUSE | GREENHOUSE I |

Climatic Episodes ¥
(Fischer, 1982)

High-Mg Calcite and, less abundantly, Aragonite

Calcite; Mg content generally lower, increasing toward “Threshold”

After Sandberg (1983)

Aragonite seas occur due to several factors, the most obvious of these is a high seawater Mg/Ca ratio (Mg/Ca > 2), which occurs during
intervals of slow seafloor spreading. ' However, the , temperature, and calcium carbonate saturation state of the surrounding
system also determine which polymorph of calcium carbonate (aragonite, low-magnesium calcite, high-magnesium calcite) will

form.

Likewise, the occurrence of calcite seas is controlled by the same suite of factors controlling aragonite seas, with the most obvious being
a low seawater Mg/Ca ratio (Mg/Ca < 2), which occurs during intervals of rapid seafloor spreading.
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Metoda stratigrafické korelace

Pomér izotoptl 13C / 12C, ktery
je ovlivnén globalnim cyklem

Frakcionace izotopl béhem
fotosyntézy: organicka hmota je
ochuzena o 13C
hodnoty 5*3C

Pohibeni organické hmoty
(moftska anoxie) - vzrust
hodnoty 5*3C v globalnim cyklu

Intervaly oceanské anoxie,
paleoklimatické interpretace

Millions of Years Ago

Chemostratigrafie:
stratigrafie izotopt uhliku
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pCO, atmosféry v geologické minulosti

kambrium - recent
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Fig. 7.2 Estimations of atmospheric 0, and CO, during Phanerozoic time. Drawn from models in Berner and
30% of plotted value, meaning that at the

fan ~ Ordovian boundary, CO, was ~6000 £ 1800 ppmv. From left to right and oldest to youngest,

ical periods are Cambrian (€), Ordovician (0), Silurian (S). Devonian (D), Carboniferous (C), Permian (P]

(Tw). Jurassic (]), Cretaceous (K) and Cenozoic (C,)
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